Super-resolution microscopy, used to image structures significantly smaller than the wavelength of light, encompasses several scanning methods. Examples include stimulated emission depleted (STED) microscopy, reversible saturable optical fluorescence transition microscopy, and stochastic wide-field methods, such as photoactivated localization, stochastic optical reconstruction, and ground state depletion microscopy. The demanding nature of the image formation process means that aberrations induced by the sample can significantly compromise resolution and signal to a degree that goes beyond that seen in conventional, diffraction-limited methodologies. To correct for these aberrations, and to enable effective imaging in otherwise unsuitable samples, 1 we have introduced adaptive optics (AO) technologies into super-resolution microscopes. Specifically, we combined a deformable mirror with a spatial light modulator (SLM) in a STED microscope, and were able to image at depths where a conventional STED microscope would fail to return any images.
Incorporating adaptive optics, such as a deformable mirror, in superresolution microscopy enables imaging of structures at depths of 15 m.
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When imaging structures in tissue, the inhomogeneous nature of the refractive index causes distortions of the wavefronts as they propagate through the tissue. The resulting aberrations affect the quality of the image obtained by the microscope by distorting both the excitation focus and the emitted light from the sample. For STED imaging, which requires an additional depletion beam that generates a structured focal volume to enable resolution enhancement, the effects of aberrations on the imaging process are even stronger.
To correct for the aberrations, it is necessary to introduce an active (or adaptive) optical element to the microscope. By distorting the wavefront in an appropriate way, it is possible to cancel the aberrations induced by the sample. The most common AO devices are liquid crystal SLMs and deformable mirrors (DMs). Both have their benefits and drawbacks, relating to their polarization and wavelength sensitivity, the complexity of wavefront correction they can perform, and the total amplitude of correction they can generate.
We previously showed 2 that having an SLM in the depletion beam path of a STED microscope is of considerable benefit.
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As well as replacing the phase plate required by conventional STED microscopes to generate the structured focal volume, it allows correction of aberrations in the depletion beam, ensuring the well-defined focal structure that enables the super-resolution process. 3 However, because of the wide wavelength range of the light involved and the non-polarized emission, the SLM does not correct the fluorescence excitation and emission paths, and it would be an inefficient device for correction of all three beam paths.
We showed that, by incorporating a DM in the common beam path, it is possible to significantly improve the range of samples amenable to STED imaging. We retain the SLM in the depletion path, both for generating the phase mask and to allow fine tuning of the depletion focus. Figure 1 shows the effect of the AO correction on the confocal and STED imaging process when imaging 15 m beneath the surface of a Drosophila melanogaster brain. Without the AO correction, the STED image is effectively a dim confocal image with no additional spatial resolution: see Figure 1 (top). Furthermore, the depletion beam introduces sample damage for no scientific gain in this case. However, after correcting for the aberrations in the sample, we recover a good STED image: see Figure 1 (middle, bottom).
By introducing AO to our STED microscope we enable superresolution imaging in conditions and samples that would otherwise entirely prevent the formation of an image. Having proved the concept we will now seek to extend its application to structures in more highly aberrating media. Debora Andrade received a PhD from the University of Göttingen, and is currently a postdoctoral researcher with Martin Booth's group, developing AO strategies for super-resolution microscopy.
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